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Abstract
This paper provides an overview of the modern technologies used in selected global seaports, and their 
possible impact on future development of seaports. The research problem stems from inefficience of 
customs procedures, dispute information flow, unneeded container manipulation in port area, and time 
lost due to bureucracy procedures. Methods used in this paper are the descriptive method, method of 
analysis, classification method, and compilation method. Since the majority of leading global seaports 
are placed in China, the authors decided to analyze the most successful seaport from each country, 
in order to achieve heterogeneity and global insight into used modern technologies. In total, eleven 
seaports placed on Lloyd’s list Top 100 Ports have been analyzed. Key findings in this paper are: (1) 
different level of development of a particular country affects different levels of implementation of new 
technical and technological achievements, resulting in different levels of development of each seaport; 
(2) future development of modern technologies in seaports leans towards autonomous technologies 
such as autonomous drones, and self-driving trucks. Modern technologies may improve the safety 
and efficiency of operations in and outside seaports. 
Keywords: leading ports, modern technologies, transport, operations, challenges
1. Introduction 
Seaports are the most common type of ports in the world [28]. „Ports are the 
primary interface in the import-export industry and play an important role in driving 
economic growth“ [20]. Leading seaport can significanty affect the national income and 
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employment. According to the International Maritime Organization (2020) [19], almost 
90% of global trade is done by sea. Consequently, seaports have a significant role in 
trade. Due to growth in trade, and the need for efficient seaport operations, seaports are 
reaching out for modern technological solutions. Some of the characteristics of modern 
technologies are the possibility of product personalization, service orientation, horizontal 
orientation, vertical orientation, smart product, real-time capability, virtualization, smart 
factory, and decentralization [14]. Modern technologies can reduce decision making 
time, increase the security, and efficiency of business operations. 
The article focuses on following research question: What modern technologies 
have been implemented in leading seaports? Based on literature review authors decided 
to analyse following technologies: Radio Frequency Identification, Internet of Things, 
Cloud Computing, Big Data, blockchain technology and Location Detection technology.
Radio Frequency Identification can help in prevention of accidents, and 
consequently material damage of containers and goods. The main advantage of Internet 
of Things are real-time information that facilitate decision making. Due to availability 
of the needed information, regardless of location, Cloud computing reduces cost and 
increases the transaction pace. Location Detection technology reduces the time required 
to find (locate) goods, and thus increases the operability of the seaport. A feature of Big 
Data technology is the storage of large amounts of data, that enables faster decision 
making due to faster data analyse. Data in blockchain technology are chronologicali 
recorded, and each participant of particular blockchain can access to the data by itself. 
In that way trancations and document exchange are faster, reducing seaport costs. 
Due to reduction in cost, seaport can further investment in implementation of modern 
technologies.
The goal of this paper is to point out the importance of implementation of the 
modern technologies in seaports. This paper presents a review of relevant academic 
papers and official web pages of sellected seaports from the Lloyd’s Top 100 Port list, 
to provide better insight into technologies used in the best performing global ports.
The paper consists of five parts. The Introduction provides a brief insight into the 
topic, the research question, research goal, and the paper’s structure. In the second part 
of the paper, an explanation of the seaports and the modern technologies is given. The 
focus in the third part of the paper is placed on different modern technologies used in 
the selected global seaports. Future development of the modern technologies in seaports 
is presented in the fourth part. The final part of the paper is the conclusion.
2. Theoretical Overview
Seaports, being transport nodes, constitute basic links in the sea–land transport 
chains [24]. Seaports play a substantial role as a cluster of loading, unloading, and 
transshipment activities, shipbrokers, warehousing, and storage services [26]. As 
a determinant of the economic growth, seaports contribute to the development of 
37Pomorski zbornik 59 (2020), 35-49
An Overview of Modern...Helga Pavlić Skender, Elizabeta Ribarić, Marija Jović
economic sectors and to the generation of economic benefits [21]. Seaports, as nodes 
in extensive global transport networks, create environmental impacts as well through 
their logistics function (i.e., transport, terminal, and warehousing activities) and 
industrial and semi-industrial function (i.e., goods and energy production, assembly, and 
recycling activities) [31]. Seaports involve numerous cargo manipulation procedures, 
involved stakeholders and data that need to be exchanged. Thererfore, seaports have 
to improve their operations continuously in order not only to optimize their business 
but also to achieve sustainable growth in cargo volumes [57]. Seaports and terminals 
have evolved and have entered into a fifth stage of evolution characterized by their 
digital transformation and alignment with Industry 4.0 practices [34].
The term Industry 4.0 originates from Germany. It was introduced at the Hannover 
Fair nine years ago [14]. According to Ghobakhloo [14], several technology trends 
are identified as a part of Industry 4.0: Internet of Things (IoT), Industrial Internet 
of Things (IIoT), Internet of Service (IoS), Internet of People (IoP), Internet of Data 
(IoD), Cloud Computing, Big Data, blockchain technology, Cybersecurity, Augmented 
Reality, Automation, and Industrial Robots, Additive Manufacturing, Simulation and 
Modeling, Cyber-Physical Systems, Location Detection technology (LDs) and Semantic 
Technologies. According to leading research papers the most significant impact on 
seaport performance have following technologies: IoT technology [14, 62, 32, 12, 13], 
RFDI [14, 15 ,12, 13, 52], Cloud computing [14, 52], Big Data [14, 32, 52], blockchain 
[14, 62, 32, 13, 52], and Location Detection technology [32], which will be explained. 
According to Fang [12], four technologies are crucial in the development of 
the IoT system. These are Radio Frequency Identification (RFID), Dedicated Short 
Range Communication (DSRC), General Packet Radio Services (GRPS), and Wireless 
Sensor Network (WSN). The primary purpose of Radio Frequency Identification is 
the prevention of accidents and disastrous events by using the automatic transmission 
of information [62]. The DSRC is intended for short-distance mobile phone 
communication. The communication takes place between the onboard unit on the 
vehicle and the signal station fixed in one place. Implementation of DSCR technology 
in seaports provides better visibility and connection, but it also eliminates delays in 
information exchange between road haullers, port operators, and shipping lines [8]. 
According to Coronado Mondragon et al [8] „DSCR can affect key facilities in a port 
such as electronic logistics management systems, facilities to ensure and enhance safety 
and security, facilities to simplify administrative and customs procedures“. The GPRS 
technology enables wireless data service, and WSN technology is made of a group of 
sensors that collect environmental information [2]. 
All of the above mentioned technologies create an effective IoT system. IoT 
connects real (physical) objects with a digital system; in other words, it represents real-
time communication of people and machines [60]. It has been proven that IoT makes 
information and material processes more visible within an organization. The integration 
of IoT brings many benefits such as the reduction in delays in data collection, real-
time information, data transparency, better control of the process, and the possibility 
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of predicting future market changes [15]. On the other hand, there are some challenges 
mainly connected with different technologies and data services used by other parties 
(e.g. financial institutions, shipping companies, freight forwarders, etc), worries 
regarding information security, requirements for a larger platform to store and secure 
data, significant financial investments in technology, etc [15]. 
Cloud computing is an Internet-based technology that enables information storage 
on servers. The advantage of this technology is that relevant customers and suppliers can 
access the information they need anywhere [11]. Cloud computing enables better control 
and management regarding resources, processes, transactions, and operations [17]. 
The purpose of the Location Detection technologies, as can be inferred from 
its name, is to determine the position of a person, vehicle, and/or freight while using 
electronic devices. In this way, LDs can reduce port congestion by reducing the time 
needed to locate goods in warehouses, the time for loading and unloading, and the 
number of accidents [32].
Big Data technologies represent a relatively new type of technology that helps 
organizations analyze numerous widespread data [14]. The advantage of Big Data 
technology can be structured in the 4V shape, which represents volume, variety, 
velocity, and veracity [61]. Volume implies a vast amount of data that are collected 
and analyzed; variety means that collected data have different purposes, and this can 
be found in every type and size, collected from business, government, population, 
organizations, etc. Velocity implies significant time savings because data are collected 
and analyzed quicker. Veracity means that all data should be accurate because companies 
are making data-based decisions. 
Blockchain technology represents a growing chain of arranged information. 
Each part of the chain is called a block. Transaction in blockchain are recorded 
chronologically, cryptography is used to secure data, and transactions based on 
smart contacts are automatically activated. The most significant value of blockchain 
technology is real-time data. All information updated in the system are transparent 
and permanent, and all participants of specific blockchain can access the data without 
any need for third-party verification. Due to reduced transaction costs, quick, secure 
and effective distribution of information between participants, blockchain technology 
provides more effective, efficient, transparent, and sustainable business operations [5, 
52]. 
3. Analysis of the Technologies Used in Seaports
Seaports as the open, complex and dynamic systems, must adapt constantly to 
contemporary business conditions in order to remain competitive in the global market 
[59]. In order to stay competitive, seaports increasingly invest in new technologies. In 
this paper, the emphasis is placed on technologies and their impacts in best performing 
global seaports. In the past, port authorities had the coordinator’s role and were 
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mainly focused on loading and unloading operations, storage, intra-ports operations, 
and advancement of the superstructure and infrastructure for ship operations [55]. 
Nowadays, port authorities are linked with different logistics and transport operators 
to make higher value for the customers. The list of the world’s leading global ports 
analyzed in this paper is shown in the following table.
Table 1 – Lloyd’s List – Leading global ports
World Ranking Country Port
1 China Shanghai
2 Singapore Singapore
6 South Korea Busan
10 The Netherlands Rotterdam
11 United Arab Emirates Dubai
12 Malaysia Port Klang
13 Belgium Antwerp
15 Taiwan Koohsioung
16 United States Los Angeles
17 Germany Hamburg
20 Thailand Laem Chabang
Source: [27]
In order to give a global overview and avoid homogeneity, only one seaport from 
each country is analyzed (11 seaports in total). 
The Port of Shanghai had the largest trade in 2019 [27]. The seaport continuously 
invests in digital technologies and artificial intelligence, and plans to implement self-
driving trucks to speed up the bridge traffic. The base for the implementation of self-
driving trucks is 5G technology. This technology, along with an advanced navigation 
system, enables larger amount of cargo transport between the seaport and terminal/
warehouse. Also, real data exchange tests between the seaport and the partner company 
- Cosco Shipping, that rely on the blockchain, are underway [27]. In 2019, seaport 
automated container terminal is put into use. Future investments in smart and green 
technologies remains important to reduce the negative impact of port operations and 
maritime transport on the environment [53].
The Port of Singapore is in the second place. Until 2040, the plan is to settle the 
world’s largest automated Tuas terminal. According to Lloyd’s One Hundred Ports 
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[27], the terminal “will incorporate innovation such as an intelligent data-driven 
operation management system, wharf and yard automation, fully electric AGVs1, smart 
engineering, and power management platforms.” This terminal will also be one of the 
first terminals physically and virtually integrated into a broader supply chain network. 
The Port of Singapore, as well as the Port of Shanghai, are testing the implementation 
of 5G technology to enhance smart operations in the future [54]. 
The Port of Busan is in the sixth place of the largest seaports. South Korea plans 
to make a huge investment of 35,2 bn dollars into the seaport by 2040. The investment 
covers several parts – the port’s infrastructure, an increase of the sea bottom depth, 
application of automation technology, and construction of the liquified natural gas 
terminal [27]. Last year, the seaport decided to use blockchain technology to track the 
movement of containers between the seaport terminals. Since containers are transported 
between terminals by a vehicle, drivers use a smartphone application. The purpose of 
the implementation of blockchain technology is to downsize the number of mistakes 
by giving real-time information to the shipping and trucking companies [25]. In 2019, 
laser-based software for Unremoved cone detection was implemented at the Port of 
Busan. It is used to determine if the twist locks are connected to the container when it 
is lifted by yard cranes [51]. This technology reduces (eliminates) possibility that the 
container cones stay attached to the container after being unloaded from the ship. This 
is important because unconnected container cones can connect with other containers, 
and at some point, when the crane picks up the container, it will carry two containers 
instead of one. While carrying two containers, other containers could be hit and pulled 
down. This leads to delays in delivery, damages outside of the container, and damages 
in goods placed in containers. 
The Port of Rotterdam, as the largest seaport of Europe, is positioned in the 
tenth place in the world. In contrast to Asian ports, which decided to contract other 
companies for technological solutions (outsourcing), the Port of Rotterdam formed 
an in-house team of 70 programmers. This resulted in the Pronto system, which has 
positive effects on several participants – carriers, pilots, terminals, and shippers [27]. 
Other services that are offered in the Port of Rotterdam are: Portscan – software 
which provides information about port statistics and movement in and around seaport 
[47], Optimised Dredging – provides information about depth of water for the boat, 
information about dreading activity, it takes into account global safety margins related 
to the depth and length around vessel, and it decreases CO2 emission [44], Time to Port 
– software which provides specific information about the location and arrival of vessel 
[49], Port Information API – provides information about a specific port; API provides 
data about searched port (based on name or location of port) [45], Boxinsider (Cargo 
Tracker) – provides timely information about container transportation [43], Portcalls 
API – provides information about ships (arrival and departure time) from port calls 
1 Automated guided vehicle
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[46], Ship Events API – provides real-time information about arrivals and departures 
of ships worldwide [48], Vessel Traffic Service – enables route prediction based on 
previous sailing and predicts possible collisions. Also, a translation support system is 
implemented [50]. 
The Port of Dubai (also known as Jebel Ali Port) has one of the world’s largest 
semi-automated terminals. It has 19 automated quay cranes, 50 automated rail-mounted 
gantry yard cranes, and is capable of handling ultra-large container vessels [10]. In 
2017, RFID-based technology was installed at the seaport terminal [1]. There are plans 
for the implementation of autonomous vehicles and supported technology into daily 
operations [9]. 
The Port of Klang is making large investments into increasing the capacity 
of container terminals. In addition to the infrastructure, the seaport is investing in 
information technology. Fast track has been set up at the entrance to the terminal. By 
using the mobile platform, the cargo owner can complete all certifications and customs 
clearance procedures. In that way, when the truck arrives, it can pass and unload the 
cargo. The port implemented a new operating system in 2017. The main advantage 
of this technology is that the vehicle enters and unloads goods from the container and 
loads the goods that need to be transported. In the future, the seaport is planning to 
introduce electric driverless truck technology to the terminals [7]. In 2013, the Port 
Authority of Klang implemented a digital information-sharing platform that connects 
relevant participants included in seaport and trade operations [4]. 
The Port of Antwerp is the second-largest port in Europe. Much effort is put into 
the development of the smart port and smart transport. In the field of smart seaports, 
solutions had been found in several fields. With the help of little plastic tags, it is 
possible to inspect the whole seaport infrastructure in a shorter time. A digital twin of the 
seaport is created; a digital 3D map of the seaport, which provides real-time data about 
the position of the ship, situation on the docks, etc. Blockchain technology is applied 
in the field of exchange of the phytosanitary certificates needed to import goods from 
New Zealand. The use of blockchain technology enables safe exchange of documents 
and speeds up the data exchange process leading to more efficient inspections and faster 
transit. In the future, the seaport is planning to do the same with certificates for organic 
products. Intelligent wharf walls project is based on digital cameras and sensors that are 
installed in the seaport. Therefore, when entering the seaport, each captain knows where 
to dock the ship. The seaport has more than 600 cameras installed whose purpose is to 
make the seaport safe and secure. Besides, there is an application that identifies in detail 
objects located in the seaport [36]. In the future, the seaport plans to build a network 
of autonomous drones. The seaport already presented a depth-sounding boat, which is 
used for regular control of the seabed in the seaport. An autonomous depth-sounding 
craft is developed to measure sea depth of hardly available places in the port [37]. 
The Port of Kaohsiung is part of Taiwan International Port Corporation. The 
Corporation has installed a wireless network in several seaports. In this way, access to 
the Internet and Cloud computing is ensured. The technology used in seaports includes 
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Radio Frequency Identification (RFID), Vessel Traffic Services (VTS), Automatic 
Identification System (AIS), International Ship and Port Facility Security (ISPS), 
and Closed-Circuit Television (CCTV). To accelerate procedures, they made a smart 
platform consisting of software such as SAP enterprise resource planning integration, 
computer, and automated terminal operation system (CATOS), and Taiwan Port Net 
(TPNet). In the future, the seaport plans to implement Big Data technology [59]. In 
2020 new automatic gates have been installed. The system is based on incorporation 
of artificial intelligence and smart-impact analysis functionalty. The system enables 
verification, comparison, recording, and management of people, vehicles, and cargo 
entering and leaving the seaport. System simulates human-decision making and 
deductive reasoning in order to provide real-time information on the main characteristics 
of each vehicle. As a result, there is a significant raise in accuracy of logic-based 
comparison, and the accurancy and efficacy of customs release decisions. Due to 
enormus amout of generated records, the system can be easly searched by customs and 
police authorities [56]. The smart environment network has been implemented. Users 
can see a 3D map of the port in real-time [42]. 
The Port of Los Angeles is the leading seaport for international trade in North 
America. The seaport is continuously working on implementing new technologies to 
improve digital information flow [38]. In 2011, the seaport initiated a project which 
should reduce air pollution by cutting ship emissions. The device is called a seawater 
scrubber, and it uses seawater to filter pollutants from ships engines [40]. Port of Long 
Beach and Port of Los Angeles developed the Cargomatic Free Flow program which 
optimizes container movements. In 2013, the Cargomatic mobile app was launched 
as an online marketplace to connect trucks with less than a truckload and those who 
have more than full load. In 2014, Cargomatic was implemented in the field of port 
drayage [39]. In 2020, the seaport introduced a new data tool – The Signal. It contains 
all data about the ships and cargo that will enter the seaport in the next three weeks. It 
represents a cloud-based solution [41]. 
The Port of Hamburg is the most important seaport in Germany. Real-Time 
Navigation is implemented in the seaport area. It provides information on traffic in and 
around the seaport. Also, a GPS sensor – mobile app is being introduced. It provides 
different types of information, from an emergency vehicle’s positions to the flow of the 
river Elba. The implementation of a Virtual Depot resulted in cut downs in unnecessary 
movements of empty containers. Also, the smartPORT logistics app for trucks was 
introduced. This app informs drivers about a free place in the parking lot [16]. In 2020, 
a test of 5G technology started in the Port of Hamburg area [29]. 
The Port of Laem Chabang is one of the youngest seaports analyzed in this paper. 
Significant investments in technologies have been made. The seaport uses Radio Data 
Terminal System (RDT), which provides real-time information on containers – where 
they are placed at a terminal, whether they are loaded or unloaded, information on 
whether the containers passed customs procedures, etc. The CTCS software provides 
data on each container in seaport, from customers booking, through gate operations to 
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management reporting and communication. The COREBIS software is also being used 
at the terminal. According to data collected from CTCS, the COREBIS automatically 
makes invoices for customers [3]. Remote-control technology is used to improve 
efficiency, safety, and working environment for crane operators. The nGen system, 
which is developed in-house, is used to control and to optimize operations at the 
container terminal. It improves planning and accelerates the movement of cargo in 
seaports. The HPT General Cargo, Ro-Ro, and CFS Management System (HPT GCMS) 
enables real-time information on the status of cargo (loaded/unloaded, location of 
cargo, and engaged equipment). Electronic data interchange (EDI) is implemented. 
It reduces the need for human labor and the possibility of human errors in order to 
increase efficiency and service quality [18]. 
An overview of the technologies used in the seaports is provided in the following 
table: 
Table 2 – Identified Technologies Used in Seaports
Port Country Technologies Source
Shanghai China Self-driving trucks, 5G, blockchain* [27], [53]
Singapore Singapore 5G, 
Automated Taus terminal*
[27], [45]
Busan South Korea Blockchain, Unremoved Cone Detection [27], [25], [51]
Rotterdam The 
Netherlands
Pronto system, Portscan, Optimised 
Dredging, Time to port, Port information 
API, Boxinsider, Portcall API, Ship events 
API, Vessel Traffic Service
[27], [47], [44], 
[49], [45], [43], 
[46], [48], [50]













Kaohslung Taiwan Cloud computing, RFID, VTS, AIS, ISPS, 
CCTV, CATOS, 3D map, automatic gates
Big Data technology*
[59], [56], [42]
Los Angeles USA Cargomatic mobile app, The Signal [38], [40], [39], 
[41]





Thailand RDT system, COREBIS, CTCS, HPT 
GCMS, EDI, nGen
[3], [18]
*planned implementation in the near future
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Without continuous investments in new technologies, seaport activities cannot 
be managed successfully and efficiently. According to Song and Panayides [55], “the 
investment in technology is merited by the resulting higher performance (in terms of 
service quality), which is an important parameter for the selection as well as evaluation 
of the services of the port.”
4. Future Development of Technologies in Seaports 
The emergence of technologies changes the competitive landscape and provides 
new opportunities for business transformation. Although some seaports have already 
implemented blockchain and Big Data technologies, for some of them they are near future. 
The challenges of implementation of blockchain technology could be: large investments, 
inability to integrate all relevant participants, distrust in the entire system (cyber security), 
legal barriers related to personal data protection, unequal level of development of 
seaports [30]. Prewett, Prescott, and Philips [35], indentified several barriers to 
blockchain technology implementation. The first barrier could be scalability, which 
represents the limited capacity of the system in processing large amounts of data at 
a given time. Another challenge could be differences in the legal system. For now, 
blockchain technology is designed according to the needs of particular company. 
However, new difficulties could arise when participants from different companies 
decide to cooperate. In that case, the most important part is to determine bottlenecks, 
data security, and system diversity. These platforms require programming language 
encoding, which requires additional use of time and human resources. The basis of 
blockchain technology is decentralization. However, “the lack of standardization also 
prevents blockchain participants from being able to collaborate and communicate 
effectively” [35]. Ultimately, the most critical role could be the lack of adequate 
human resources and the complexity of setting up the blockchain technology itself, 
from programming and testing to the implementation in the system. Nevertheless, “by 
reducing bureaucracy and paperwork, blockchain could improve international trade 
efficiency and facilitate business transactions” [33]. Blockchain technology could 
enhace collaboration and cooperation between, for example seaport and carriers, it 
could provide tracebility of containers in and outside of seaports, it could reduce 
human errors and possibility of losing documents, it could reduce unethical behaviour 
between employees and other included parties (shipping companies, seaports), and 
it could reduce energy consumptions due to reduction in unnecessary movement of 
containers [25].
Challenges could arise in the implementation and application of Big Data as well. 
They could be primarily related to the costs associated with longer-term storage and 
management of collected information. Another challenge could be the lack of properly 
information sharing. According to Jović et al. [22] “unauthorized individuals can 
wilfully insert, delete or update information in order to reach economic advantages or 
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to diguise illegal activities”. Due to fast development of new devices, the challenge of 
inadequte workforce can appear. Despite the existence of the aforemention challenges, 
Big Data technology can bring significant benefits, such as increased security in 
seaports, cost savings, faster detection of errors, reductions in containers manipulations, 
faster information exchange, reductions of negative impact on the environment, 
the possibility of more precise planning regarding the arrival of the ship in port 
[22]. Although numerous challenges exist, seaports increasingly invest in modern 
technologies that provide various benefits such as reduced costs and improved security. 
Future development of technologies in seaports leans toward further automatization of 
seaport operations and implementation of autonomous technologies based on 5G network. 
More efforts can be made to reduce or eliminate administrative procedures by using 
sophisticated programs. Due to the advancement of technologies, the possibility of 
human errors can be further reduced, and consequently the need for routine workers. 
Intentions of larger and more influential seaports lean towards making in-house 
solutions that can be offered (or better said impose) to their business partners.
In the year 2020, new challenge have emerged. For the majority of seaports, the 
COVID-19 situation further complicates the implementation of new technologies. 
Because of the slowdown in container throughput, investments in modern technologies 
are under review. There is a possibility that some plans will be postponed [32]. 
5. Conclusion
Seaports represent the main links in the sea-land transport chains and have important 
role in the global trade. As a determinant of economic growth, seaports contribute to 
the development of economic sectors. Leading seaports can significantly affect national 
income and employment. Seaports include a number of cargo manipulation procedures, 
stakeholders and data to be exchanged. In order to stay competitive and achieve the 
growth in the cargo volume, seaports must continuously improve their operations and 
invest in technologies.
In this article theoretical overview of significant modern technologies used 
in seaport is given. Modern technologies that have significant impact on seaports 
development are Radio Frequency Identification, Internet of Things, Cloud computing, 
Location Detection technologies, Big Data, and blockchain technology. One thing that 
is common to Internet of Things, Cloud computing, Location Detection technologies, 
Big Data, and blockchain technology are real-time information. Having the real-time 
information, seaports can prevent and/or reduce amount of accident in and outside of 
the seaport area, make reliable predictions about capacity utilization, react faster to 
unpredicted situations. Big Data technology accelerates decision-making process due to 
reduction in time required to analyze data. Blockchain technology reduces bureaucracy 
and paperwork, and it could accelerate international trade.
The authors analyzed the best performing seaport from each country to provide a 
global overview. In total, eleven leading seaports are analyzed. Majority of seaports is 
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placed in Asian area, followed by Europe and North America. The analyzed seaports 
put significant focus on the future implementation of modern technologies. Some of the 
seaports have already implemented Big Data and blockchain technology in everyday 
operations, while for others they represent the near future. Port of Roterdam and Port of 
Antwerp have put more emphasis on implementation of technologies that increase safety 
in the seaport area, for example plastics tags, Portscan, Optimised Dredging, etc. Also, 
European seaports are oriented in generation of in-house solutions, in comparison with 
Asian seaports. Future development and implementation of technologies in seaports 
lean toward autonomous technologies such as self-driving vehicle, autonomous vehicle, 
autonomous drones, etc. In future, majore challenge could be a lack of adequate (skilled) 
workforce, that could form new technological solutions. The technology incorporated 
so far has accelerated, facilitated, and made container-related manipulations faster 
and easier. Although the seaport’s survival lies in the technology that constitutes the 
fourth industrial revolution, the incorporation of technologies is a time-consuming and 
financially demanding process. 
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